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57 ABSTRACT

A process for a stream of substances containing at least one
valuable substance including (A) amino acids, (B) carboxylic
acids, and (C) inorganic salts includes: (1) treating the stream
by nanofiltration to obtain a retentate enriched with valuable
substance (A); (2) treating the permeate of step (1) by elec-
trodialysis in order to obtain a concentrate enriched with
valuable substance (C); (3) treating the diluate of step (2)
using a system (3) of two stages (4) and (5) which are directly
or indirectly interconnected, wherein (4) one treatment is
performed by reverse osmosis and (5) one treatment is per-
formed by electrodialysis, whereby a concentrate enriched
with valuable substance (B) is obtained, (6) at least a portion
of' the retentate of step (4) is directly or indirectly supplied to
step (5) and (7) at least a portion of the diluate of step (5) is
directly or indirectly supplied to step (4).

15 Claims, 2 Drawing Sheets
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1
PROCESS FOR THE TREATMENT OF A
STREAM OF SUBSTANCES

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present Application is based on International Applica-
tion No. PCT/AT2007/000571, filed on Dec. 19, 2007, which
in turn corresponds to Austria Application No. A 2091/2006,
filed on Dec. 19, 2006, and priority is hereby claimed under
35 USC §119 based on these applications. Each of these
applications are hereby incorporated by reference in their
entirety into the present application.

FIELD OF THE INVENTION

The present invention concerns a process for the treatment
of a complex stream of substances containing several valu-
able substances of a different chemical nature.

BACKGROUND OF THE INVENTION

The problems associated with separating or treating com-
plex streams of substances in order to enrich the various
valuable substances contained therein arise particularly in the
field of biogenically-based aqueous liquids, such as, for
example, liquids from fermentation processes and in particu-
lar liquids obtained from silage.

Liquids obtained from whole-plant silage or silage from
grassland biomass (such as, e.g., from grass, clover, alfalfa,
herbs etc.) have for some time been regarded as interesting
raw materials for the obtainment of fine chemicals. In the
following, the term “grass silage” is used to represent all
silages from grassland biomass.

In the context of the “Osterreichisches Programm zur
Entwicklung der Green Biorefinery [ Austrian Programme for
the Development of Green Biorefinery]” it has been shown
that valuable substances accumulating during the silage pro-
cess of, e.g., grass, such as lactic acid and proteinogenic
amino acids, convert the biogenic raw material grass into a
potentially interesting source for obtaining such valuable
substances. This concept is interesting particularly because of
the possibility of using an inexpensive and, in addition,
renewable raw material.

It is, however, problematic that the complex streams of
substances accumulating, for example, with the grass silage
comprise a plurality of valuable substances of a varying
chemical nature the separation of which is difficult.

SUMMARY OF THE INVENTION

The embodiments of the present invention deals in particu-
lar with complex streams of substances which contain in each
case at least one valuable substance from the groups of

(A) amino acids

(B) carboxylic acids different from amino acids and com-

prising from 1 to 5 C-atoms, and

(C) inorganic salts.

Mixtures of these three groups of valuable substances can
be found in the already mentioned liquids from grass silage.
These are indicated below by the summarizing term “silage
liquid™.

Hong Thang et al., J. Membr. Sc. 249 (2005) 173-182
describe the application of an electrodialytic process for the
separation of lactic acid from a complex liquid from grass
silage.
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Koschuh et al., Desalination 163 (2004) 254-259 describe
the application of ultrafiltration for liquids from pressed grass
and alfalfa for obtaining a concentrate rich in protein.

Hong Thang et al., Desalination 162 (2004) 343-353
describe a two-stage electrodialytic process for the treatment
of grass silage. An extensive desalination of the stream of
substances occurs in the first step of said process, in the
second step, lactic acid is enriched.

Koschuh et al., J. Membr. Sc. 261 (2005) 121-128 examine
the flux and retention behavior of nanofiltration and fine
ultrafiltration membranes during the filtration of a silage lig-
uid.

Hong Thang et al., J. Membr. Sc. 256 (2005) 78-88 com-
pare methods of electrodialysis to chromatographic methods
with regard to their effectiveness in desalinating a silage
liquid.

Inthe published prior art, solely the enrichment of one or at
best two of the above-mentioned groups of valuable sub-
stances (A), (B) and (C) has so far been described.

Furthermore, the known methods are characterized by a
diffuse selectivity, in particular between amino acids (A) and
organic acids (B). A series of such processing steps with a
diffuse separation in each case results in low yields, i.e., in
side flows with low concentrations of the valuable substance.
In the majority of cases, such side flows cannot be used
commercially and are thus waste.

If, for example, such a process series is carried out with
nanofiltration steps, huge amounts of process water are addi-
tionally required for flushing out the undesired accompany-
ing substances (B) and (C).

If such a process series is carried out using methods of
electrodialysis, the electrodialysis has to be performed partly
with adverse concentrations of valuable substances in order to
ensure high yields. Such adverse or low concentrations of
valuable substances, respectively, entail increased losses and
an unintentional transfer of accompanying substances.

The embodiments of the present invention are directed to
providing a process by means of which all groups of valuable
substances (A), (B) and (C) contained in a complex stream of
substances, particularly in a silage liquid, can be enriched at
a concentration sufficient for further processing.

The above is achieved by a process for the treatment of a
stream of substances which contains at least one valuable
substance from each of the following groups

(A) amino acids

(B) carboxylic acids different from amino acids and com-
prising from 1 to 5 C-atoms, and

(C) inorganic salts,

which process comprises the following steps:

(1) treatment of the stream of substances by nanofiltration
in order to obtain a retentate enriched with valuable
substance (A)

(2) treatment of the permeate of step (1) by electrodialysis
in order to obtain a concentrate enriched with valuable
substance (C)

(3) treatment of the diluate of step (2) using a system (3) of
two stages (4) and (5) which are directly or indirectly
interconnected, wherein

(4) one treatment is performed by reverse osmosis and

(5) one treatment is performed by electrodialysis, whereby
a concentrate enriched with valuable substance (B) is
obtained

(6) atleast a portion of the retentate of step (4) is directly or
indirectly supplied to step (5)

(7) at least a portion of the diluate of step (5) is directly or
indirectly supplied to step (4).
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Thus, a nanofiltration step is initially performed in which a
retentate enriched with valuable substance (A), i.e., amino
acids, is obtained. The retentate is discharged from the total
process.

Using a method of electrodialysis practiced under appro-
priate conditions, a concentrate enriched with valuable sub-
stance (C), i.e., the inorganic salts, can be attained from the
permeate of the nanofiltration of step (1). The concentrate is
likewise discharged from the total process.

The diluate of electrodialysis (2) is supplied to a system (3)
comprising a treatment by reverse osmosis (5) and by elec-
trodialysis (5), with the stages (4) and (5) being directly or
indirectly connected to each other.

Thereby, at least a portion of the retentate of step (4) is
directly or indirectly supplied to step (5) and at least a portion
of the diluate of step (5) is directly or indirectly supplied to
step (4).

A reconcentration of the diluate of step (2) is effected by
means of the reverse osmosis treatment in step (4).

In the electrodialysis treatment (5), a concentrate enriched
with valuable substance (B), i.e., the organic carboxylic
acids, is obtained under appropriate conditions.

By directly or indirectly recycling the diluate from the
electrodialysis of step (5) back to the reverse osmosis (step
(4)), a permanent further enrichment of the valuable sub-
stances (B) is achieved.

In an embodiment of the process according to the inven-
tion, the steps (4) and (5) are connected in a circuit, wherein
at least a portion of the retentate of step (4) is supplied to step
(5) and at least a portion of the diluate of step (5) is returned
to step (4).

Direct cycling between steps (4) and (5) is thereby
achieved.

In a further embodiment of the process according to the
invention, the diluate of step (2) is conveyed into a balancing
reservoir from which both step (4) and step (5) are fed and into
which at least a portion of the retentate of step (4) and a
portion of the diluate of step (5) are returned.

Indirect cycling between steps (4) and (5) via the balancing
reservoir is thereby achieved.
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In the process according to the invention, the steps (4), (5),
(6) and (7), i.e., the above-described cycling, are preferably
carried out in a steady-state operation.

Particularly preferably, all the steps (1) to (7) are carried
out in a steady-state operation.

The nanofiltration provided in step (1) of the process
according to the invention is preferably a two- or multi-stage
nanofiltration, wherein preferably at least one of the stages
carried out after the first stage is configured as a diafiltration.
Particularly, if more than two stages are provided, all the
stages provided after the first stage can be configured as a
diafiltration.

Preferably, in the process according to the invention, a
portion of the permeate of step (4) and/or at least a portion of
the diluate of step (5) is/are supplied to the nanofiltration in
step (1).

In particular, the entire permeate of step (4) as well as the
portion of the diluate of step (5) which optionally is not
recycled to step (4) can be supplied to the nanofiltration in
step (1), resulting in a practically closed circuit from which
only the streams of substances enriched with valuable sub-
stances (A), (B) and (C) are discharged.

If, as is preferably provided, nanofiltration is performed in
two or more stages, the permeate of step (4) or a portion
thereof, respectively, and/or the portion of the diluate of step
(5) is/are preferably supplied to the second stage of nanofil-
tration, particularly to a diafiltration stage.

In the nanofiltration of step (1), a membrane is preferably
used which exhibits a high permeability towards monovalent
inorganic salts and, compared with this, a lower permeability
towards divalent inorganic salts.

The material of the membrane used can preferably be
selected from the group consisting of permanently hydro-
philized polyethersulfone, ceramics, in particular TiO,,
polyamide and semiaromatic piperazine polyamide. The cut-
off point (“nominal molecular weight cut off—NMWCO)
ranges from 100 to 4000 Da, preferably from 100 to 1000 Da,
particularly preferably from 150 to 300 Da.

The following materials are, for example, suitable as mem-
branes for the nanofiltration process of stage (1):

Manufacturer
Nadir Nadir Koch Nadir Inocermic/D Tami
PES 10 N30F MPF36  PES004H  Inocermic  Tami-1k
Material Ph-PES  Ph-PES unknown Ph-PES TiO, TiO,
NMWCO (Da) 1000 150-350 1000 4000 500 1000
Pure water 957 137 60° 77* 131% 240%
permeability at
20° C.
(Lh~!'m=2MPa™})
pH-operating 0-14 0-14 1-13 0-14 0-14 0-14
range
Maximum 95 95 70 95 >100 >100
temperature
cC)
Classification NF NF NF UF NF UF
Manufacturer
GE GE Dow
Osmonics Osmonics Hydronautics Deutschland
DL DK NTR 7450 NF 200
Material polyamide  polyamide Ph-PES semi-
aromatic
piperazine

polyamide
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-continued

NMWCO (Da)
Pure water
permeability at
20° C.
(Lh'm™2MPa™!)
pH-operating
range
Maximum
temperature
cc)
Classification

150-300
76

150-300

~70 130

2-11 2-11 2-11

NF NF NF

110

3-10

NF

ph-PES: permanently hydrophilized polyethersulfone;
NMWCO: nominal molecular weight cut off

“at 1 MPa (10 bar); 20° C.

%3t 0.2 MPa (2 bar); 20° C.

In particular monopolar electrodialytic processes compris-
ing a preferred transfer of chloride ions are suitable for the
method of electrodialysis of step (2).

The following membrane types are, for example, suitable 20

as membrane materials for step (2):

Membrane manufacturer Type
Neosepta XCMX, AMX
Tonics CR69EXMP/AR103QDP

In step (4) of the process according to the invention, dense
reverse osmosis membranes are preferably used in a spiral
structure.

The reverse osmosis of step (4) is preferably performed
using hydrophilic membranes having high water permeabil-
ity, with a high retention of inorganic salts such as sodium
chloride.

Preferably a monopolar electrodialysis is carried out in
step (5) of the process according to the invention. The pH-
value during the electrodialysis preferably ranges between 2
and 5.

The stream of substances to be treated by the process
according to the invention typically has a pH-value of from 1
to 4.5.

The valuable substance of group (A) preferably is one or
several proteinogenic amino acid(s), e.g. leucine.

The valuable substance of group (B) is in particular lactic
acid.

The valuable substance of group (C) particularly is one or
several inorganic salt(s) from the group of chloride salts, in
particular sodium chloride, potassium chloride and/or mix-
tures thereof.

The stream of substances to be treated is in particular an
aqueous liquid based on a biogenic source, preferably a liquid
obtained from silage of, for example, grass, clover, alfalfa,
herbs as well as mixtures thereof.

A plant serves for carrying out the process according to the
invention, comprising

a nanofiltration installation 1

a first electrodialysis installation 2,

a conduit 11 for conveying permeate from the nanofiltra-

tion installation 1 to the first electrodialysis installation
25

a system 3 made up of units 4 and 5 directly or indirectly

connected to each other, wherein

unit 4 is a reverse osmosis installation and—unit 5 is a

second electrodialysis installation,

a conduit 21 for conveying diluate from the first electrodi-

alysis installation 2 into the system 3,
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a conduit 41 by means of which at least a portion of the
retentate from the reverse osmosis installation 4 is
directly or indirectly conveyed to the second electrodi-
alysis installation 5 and

a conduit 51 by means of which at least a portion of the
diluate from the second electrodialysis installation is
directly or indirectly conveyed to the reverse osmosis
installation 4.

In an embodiment of the plant according to the invention,
the conduit 41 conveys the retentate from the reverse osmosis
installation 4 directly to the second electrodialysis installa-
tion 5.

In a further embodiment of the plant according to the
invention, the conduit 51 conveys the diluate from the second
electrodialysis installation 5 directly to the reverse osmosis
installation 4.

Direct cycling between the units 4 and 5 is thereby
achieved.

In an alternative embodiment of the plant according to the
invention, a balancing reservoir 31 is provided into which the
conduit 21 for the diluate from the first electrodialysis instal-
lation 2 runs, from which both the reverse osmosis installation
4 and the second electrodialysis installation 5 are fed and to
which the conduit 41 for the retentate from the reverse osmo-
sis installation 4 and the conduit 51 for the diluate from the
second electrodialysis installation return.

Indirect cycling between the units 4 and 5 is thereby
achieved.

In the plant according to the invention, the nanofiltration
installation preferably has a multi-stage design, wherein par-
ticularly preferably at least one of the stages carried out after
the first stage is configured as a diafiltration installation.

Furthermore, a conduit 42 for returning permeate from the
reverse osmosis installation 4 to the nanofiltration installation
1, particularly preferably to an optionally provided second or
further stage of the nanofiltration installation 1, is preferably
provided.

Likewise, a conduit 52 for returning diluate from the sec-
ond electrodialysis installation 5 to the nanofiltration instal-
lation 1, particularly preferably to the first stage of the nano-
filtration installation 1, can preferably be provided.

The process according to the invention is characterized by
the following advantages:

When considered separately, each partial process of the
process according to the invention functions at a separation
performance (valuable substance in the input relative to valu-
able substance in the separate output flow) of from 0.1t0 0.95.
However, back-coupling with the other processing steps will
result in overall separation performances that are clearly
above 0.5.
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In the process according to the invention, no waste flow
accumulates particularly with a complete cycling also of the
permeate from the reverse osmosis installation (step (4)) and
of the diluate from the second electrodialysis installation
(step (5)).

All three product streams ((A), (B) and (C)) are concen-
trated with regard to the incoming stream of substances.

The steps of the electrodialysis (2, 5) and of the reverse
osmosis (4) interact with one another. A separation of inor-
ganic salts (step (2)) and a separation of organic acids (step
(5)) result in a reduced osmotic pressure, which increases the
efficiency of the reverse osmosis in step (4). Vice versa, the
reconcentration of valuable substances by reverse osmosis
leads to an increase in efficiency of the electrodialysis in step
5.

Reverse osmosis (4) and nanofiltration (1) interact with one
another. Water from the reverse osmosis is preferably
admixed to the second nanofiltration stage in order to enable
the valuable substances (B) and (C) to be flushed out prefer-
ably in a diafiltration step.

Nanofiltration (1) and electrodialysis (5) interact with one
another. Nanofiltration alone results in an enrichment of
amino acids in the retentate with a partial separation of
organic acids into the permeate. With electrodialysis alone,
organic acids are separated from a solution rich in amino
acids only involving substantial losses of amino acids. In the
process according to the invention, the nanofiltration (1) can
retain a large part of the amino acids, whereas the electrodi-
alysis (2) can neatly separate the organic acid continuously at
suitable mass ratios ((B)>>(A)). By recycling a partially
desalinated medium (after steps (2) and (5)), the amino acid
losses from the nanofiltration (1) are compensated for and the
throughput of lactic acid is increased such that the separation
capacity of the electrodialysis will affect an essential part of
the incoming amount of the organic acid (B), when the total
process is taken into consideration.

The total process is designed for the benefit of the amino
acids (valuable substance (A)). A contamination of the valu-
able substance (A) with traces of valuable substance (B) is
tolerated, whereas the aim is to achieve a maximum yield of
amino acids (A).

Still other objects and advantages of the present invention
will become readily apparent to those skilled in the art from
the following detailed description, wherein the preferred
embodiments of the invention are shown and described, sim-
ply by way of illustration of the best mode contemplated of
carrying out the invention. As will be realized, the invention is
capable of other and different embodiments, and its several
details are capable of modifications in various obvious
aspects, all without departing from the invention. Accord-
ingly, the drawings and description thereof are to be regarded
as illustrative in nature, and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and
not by limitation, in the figures of the accompanying draw-
ings, wherein elements having the same reference numeral
designations represent like elements throughout and wherein:

FIG. 1 schematically shows the design of an embodiment
of the process according to the invention and of the plant
according to another embodiment of the invention.

FIG. 2 schematically shows the design of an alternative
embodiment of the process according to the invention and of
the plant according to the invention.
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DETAILED DESCRIPTION OF THE
EMBODIMENTS

According to FIG. 1, a complex stream of substances K is
supplied to a nanofiltration installation 1 and is nanofiltered
there. The result is a retentate A enriched with amino acids
which is discharged from the process.

The permeate of nanofiltration 1, which contains inorganic
salts (C) and organic acids (B), is supplied via conduit 11 to a
first electrodialysis installation 2. The concentrate of elec-
trodialysis is enriched with inorganic salts and is discharged
as a stream of valuable substances C.

The diluate of the first electrodialysis installation is sup-
plied via conduit 21 to a system 3 including a reverse osmosis
installation 4 and a second electrodialysis installation 5.

The retentate side of the reverse osmosis installation 4 is
connected via a conduit 41 to the electrodialysis installation
5. On the diluate side, a conduit 51 returns from the electrodi-
alysis installation 5 to the reverse osmosis installation 4.

The concentrate from the electrodialysis installation 5 is
enriched with organic acids, e.g., lactic acid, and is dis-
charged as a stream of valuable substances B. Via conduit 51,
the diluate from the electrodialysis installation 5 is at least
partially recycled back to the reverse osmosis installation 4.
As illustrated, the supply conduit 21 can, for example, run
into the conduit 51, however, the conduit 21 can also lead
directly to the reverse osmosis installation 4.

At least a portion of the permeate from the reverse osmosis
installation 4 is conveyed through the conduit 42 of the nano-
filtration installation, particularly as a diafiltration water.

Likewise, at least a portion of the diluate from the second
electrodialysis installation 5 can be returned via the conduit
52 of the nanofiltration installation 1.

In the embodiment illustrated in FIG. 2, a recipient vessel
31 is provided into which the conduit 21 for the diluate from
the first electrodialysis installation 2 runs.

Starting from the recipient vessel 31, both the reverse
osmosis installation 4 and the electrodialysis installation 5 are
fed. Via conduit 41, the retentate of reverse osmosis 4 is fed
back into the recipient vessel 31. Likewise, at least a portion
of'the diluate of electrodialysis 5 is fed back into the recipient
vessel 31 via conduit 51.

EXAMPLES
Example 1

20 g L-lactic acid (90%), 30 g potassium lactate (50%), 3 g
L-leucine and 10 g potassium chloride are dissolved in water
and diluted to 1 kg.

The solution thus obtained has the following concentra-
tions:

27.4 /L. lactic acid

3.0 g/LL L-leucine

11.3 g/L. potassium

4.8 g/L chloride

The solution is nanofiltered in a batch cell to a volume
concentration factor of 2. 500 g of permeate and 500 g of
concentrate accumulate.

The concentrations in the permeate are as follows:

19.2 g/L. L-lactic acid

0.2 g/l L-leucine

9.0 g/LL potassium

4.5 g/L chloride
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The concentrations in the concentrate are as follows:
35.6 g/L L-lactic acid

5.9 g/l L-leucine

13.6 g/L potassium

5.0 g/LL chloride

Example 2

20 g L-lactic acid (90%), 30 g potassium lactate (50%),3 g
L-glycine and 10 g potassium chloride are dissolved in water
and diluted to 1 kg.

The solution thus obtained has the following concentra-
tions:

27.4 g/L lactic acid

3.0 g/LL L-glycine

11.3 g/L potassium

4.8 g/LL chloride

The solution is nanofiltered in a batch cell to a volume
concentration factor of 2. 500 g of permeate and 500 g of
concentrate accumulate.

The concentrations in the permeate are as follows:

19.2 g/LL L-lactic acid

0.9 g/ L-glycine

9.0 g/L. potassium

4.5 g/LL chloride

The concentrations in the concentrate are as follows:

35.6 g/L L-lactic acid

5.1 g/ L-glycine

13.6 g/L potassium

5.0 g/LL chloride

Example 3

200 g L-lactic acid (90%), 300 g potassium lactate (50%),
30 g L-leucine and 100 g potassium chloride are dissolved in
water and diluted to 10 kg.

The solution thus obtained has the following concentra-
tions:

27.4 g/L lactic acid

3.0 g/L L-leucine

11.3 g/L potassium

4.8 g/LL chloride

The solution is nanofiltered in a nanofiltration installation
to a volume concentration factor of 2.5 kg of permeate and 5
kg of concentrate accumulate.

The concentrations in the permeate are as follows:

19.2 g/LL L-lactic acid

0.2 g/ L-leucine

9.0 g/L. potassium

4.5 g/LL chloride

The concentrations in the concentrate are as follows:

35.6 g/L L-lactic acid

5.9 g/l L-leucine

13.6 g/L potassium

5.0 g/LL chloride

Example 4

2 kg of the permeate of Example 3 is used as a charge on the
feed side of a monopolar electrodialysis. On the concentrate
side, 1 kg of water is fed. Electrodialysis is stopped upon
achieving a conductivity value of 6.5 on the concentrate side.

Concentrations on the feed side (diluate):

18.2 g/LL L-lactic acid

0.2 g/ L-leucine

4.6 g/LL potassium

0.9 g/LL chloride
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The concentrations in the concentrate are as follows:
0.9 g/L L-lactic acid
0.0 g/LL L-leucine
8.9 g/LL potassium
7.2 g/L chloride

Example 5
Reverse Osmosis of the Diluate of Example 4

2 kg of electrodialysis diluate of Example 4 is nanofiltered
in a reverse osmosis cell to a volume concentration factor of
2.1000 g of permeate and 100 g of concentrate accumulate.

The concentrations in the permeate are as follows:

0.9 g/L L-lactic acid

0.0 g/LL L-leucine

0.2 g/L. potassium

0.1 g/L. chloride

The concentrations in the concentrate are as follows:

35.6 g/L. L-lactic acid

0.4 g/l L-leucine

9.0 g/LL potassium

1.7 g/LL chloride

Example 6
Electrodialysis of Reverse Osmosis Concentrate
Extraction of Lactic Acid

1 kg of the reverse osmosis concentrate of Example 5 is
used as a charge on the feed side of a monopolar electrodi-
alysis. On the concentrate side, 1 kg of water is fed.

After 67% of the lactic acid has been transferred, the
experiment is stopped.

The concentrations on the feed side are as follows (diluate):

11.7 g/L. L-lactic acid

0.4 g/l L-leucine

2.3 g/L. potassium

0.3 g/L. chloride

The concentrations in the concentrate are as follows:

23.8 g/L. L-lactic acid

0.0 g/LL L-leucine

6.7 g/L potassium

1.4 g/L. chloride

Example 7

100 kg per hour of an aqueous solution (K) having a com-
position according to Example 1 are treated in a process chain
constructed according to the invention (see FIG. 2).

Nanofiltration 1 is operated as a two-stage process. Diluate
from the electrodialysis 5 and reverse osmosis permeate (wa-
ter) from stage 4 are returned via conduits 42 and 52 to the first
stage of nanofiltration. In addition, a portion of the reverse
osmosis permeate of stage 4 is returned to the second stage of
nanofiltration.

The concentration of lactic acid is adjusted on the feed side
via the recycled amounts. In the first stage, a concentration of
lactic acid of 25 g/L is achieved, in the second stage, a con-
centration of lactic acid of 11 g/L is achieved.

The permeate from both nanofiltration stages is merged
and electrodialyzed (2). The ion transport capacity of the
electrodialysis is configured such that the amount of ions
separated can be controlled by varying the current intensity.
The result is a preferred transport of potassium chloride.
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The partially desalinated diluate is collected in a container
31. The container 31 is connected to the reverse osmosis
installation 4 and the second electrodialysis installation 5 via
circulation pumps. Reconcentration of the ingredients occurs
according to the permeate output of the reverse osmosis
installation. Discharge of salts, in particular of potassium
lactate and hydrogen ions, occurs according to the ion trans-
port capacity of the electrodialysis installation.

By adjusting the permeate output of the reverse osmosis
installation 4 (enhancement by pressure increase), a concen-
tration of lactic acid of 22 g/I., which is suitable for the
electrodialysis, is adjusted.

A stream of nanofiltration concentrate (70 kg/h) enriched
with leucine (A) (4.2 g/kg) is obtained.

A stream of electrodialysis concentrate (20 kg/h) enriched
with lactic acid (B) (96 g/kg) is obtained.

A stream of electrodialysis concentrate (2 kg/h) enriched
with potassium chloride (C) (76.4 g/kg) is obtained.

It will be readily seen by one of ordinary skill in the art that
the present invention fulfils all of the objects set forth above.
After reading the foregoing specification, one of ordinary
skill in the art will be able to affect various changes, substi-
tutions of equivalents and various aspects of the invention as
broadly disclosed herein. It is therefore intended that the
protection granted hereon be limited only by definition con-
tained in the appended claims and equivalents thereof.

The invention claimed is:

1. A process for the treatment of a stream of substances
which contains at least one substance from each of the fol-
lowing groups:

(A) amino acids;

(B) carboxylic acids different from amino acids and having

from 1 to 5 C-atoms; and

(C) inorganic salts;

wherein the stream of substances derives from silage lig-
uids, and which process comprises the steps of:

(1) treating the stream of substances by a two- or multi-
stage nanofiltration, wherein at least one of the stages
carried out after the first stage is configured as a diafil-
tration, and obtaining a retentate enriched with sub-
stance (A);

(2) treating the permeate of step (1) by afirst electrodialysis
and obtaining a concentrate enriched with substance
©)

(3) treating the diluate of step (2) by reverse osmosis and a
second electrodialysis, wherein at least a portion of the
retentate of the reverse osmosis is supplied to the second
electrodialysis, and at least a portion of the diluate of the
second electrodialysis is supplied to the reverse osmosis,
and wherein at least a portion of the permeate of the
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reverse osmosis and at least a portion of the diluate of the
second electrodialysis are supplied to the two- or multi-
stage nanofiltration; and

(4) obtaining a concentrate enriched with substance (B) in

the second electrodialysis.

2. The process according to claim 1, wherein the reverse
osmosis and the second electrodialysis are connected in a
circuit, wherein at least a portion of the retentate of the reverse
osmosis is supplied to the second electrodialysis and at least
a portion of the diluate of the second electrodialysis is
returned to the reverse osmosis.

3. The process according to claim 1, wherein the diluate of
step (2) is conveyed into a balancing reservoir from which
both the reverse osmosis and the second electrodialysis are
fed and into which at least a portion of the retentate of the
reverse osmosis and a portion of the diluate of the second
electrodialysis are returned.

4. The process according to claim 1, wherein the steps (3)
and (4) are carried out in a steady-state operation.

5. The process according to claim 1, wherein all the steps
(1) to (4) are carried out in a steady-state operation.

6. The process according to claim 1, wherein step (1)
comprises two or more treatments by nanofiltration.

7. The process according to claim 1, wherein at least a
portion of the permeate of the reverse osmosis and/or at least
a portion of the diluate of the second electrodialysis is/are
supplied to the nanofiltration in step (1).

8. The process according to claim 1, wherein, in step (1), a
membrane is used which exhibits a high permeability towards
inorganic salts of monovalent ions and, compared with this, a
lower permeability towards inorganic salts of divalent ions.

9. The process according to claim 8, wherein the material
of'the membrane used is selected from the group consisting of
permanently hydrophilized polyethersulfones, ceramics,
polyamides, and semiaromatic piperazine polyamides.

10. The process according to claim 1, wherein the second
electrodialysis is configured as a monopolar electrodialysis.

11. The process according to claim 1, wherein the stream of
substances to be treated has a pH-value of from 1 to 4.5.

12. The process according to claim 1, wherein the sub-
stance of group (A) is one or several amino acid(s) selected
from the group consisting of proteinogenic amino acids.

13. The process according to claim 1, wherein the sub-
stance of group (B) is lactic acid.

14. The process according to claim 1, wherein the sub-
stance of group (C) is one or several inorganic salt(s) from the
group of chloride salts.

15. The process according to claim 1, wherein the stream of
substances to be treated is an aqueous liquid based on a
biogenic source.



